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FRET is sensitive technique for the determination of protein clustering in living
cells. It is often applied in fluorescence microscopy where ratiometric measure-
ments are easy to carry out. Pixel-by-pixel determination of FRET efficiency is
expected to reveal potential heterogeneity in protein association states. How-
ever, a systematic evaluation of how reliable pixel-by-pixel FRET calculations
are in the presence of low photon numbers, significant background fluorescence
or outlier pixels has not been reported. Here, we have carried out such an anal-
ysis and conclude that the mean of pixel-by-pixel FRET efficiencies is often a
biased and unreliable estimator of FRET efficiency. In addition, we have devel-
oped a method to determine the FRET efficiency based on maximum likelihood
estimation. The Poisson statistics of photon numbers detected in the donor,
FRET and acceptor channels is taken in to account to maximize the likelihood
of the observed fluorescence intensities measured using a photon counting
detector. Our calculations and simulations show that the maximum-
likelihood-based method is a reliable method to estimate the FRET efficiency
and outperforms both pixel-by-pixel FRET calculations and FRET efficiency
calculated from summed intensities.
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By analyzing spatio-temporal correlations of fluorescence intensity fluctuations
from raster-scanned microscopy images, raster image correlation spectroscopy
(RICS) provides spatially resolved information on fast molecular dynamics
such as protein diffusion or receptor-ligand interactions inside living cells
and tissues [1]. Conventional RICS can only distinguish larger regions of inter-
est, however, and requires low fluorophore concentrations in the nanomolar
range, due to its diffraction-limited optical resolution. We have recently com-
bined RICS with stimulated emission depletion (STED) microscopy to remove
these limitations [2]. STED-RICS yields an enhanced multiplexing capability
due to the increase in spatial resolution and can accommodate up to ~100-
fold higher fluorophore concentrations.
[1] Rossow, M.J.; Sasaki, J. M.; Digman, M. A.; Gratton, E., Nat. Protoc. 2010,
5, 1761-1774.
[2] Hedde, P. N.; Do¨rlich, R. M.; Blomley, R.; Gradl, D.; Oppong, E.; Cato, A.
C.; Nienhaus, G. U., Nat Commun. 2013, 4, 2093.
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Fluorescence from fluorescent probes has provided a physical means to deter-
mine dipolar relaxation processes. The spectral relaxation or red-shift can be
followed in time using time-resolved fluorescence spectroscopy [1-2].
Here, we characterise the dipolar dynamics in the membranes of the Golgi
apparatus and compare them with non-Golgi membranes in living cells. Fluo-
rescence lifetime imaging microscopy is our experimental approach and the
NBD-ceramine is our Golgi-specific membrane probe.
We present two different set of fluorescence lifetime images of the Golgi-
stained membranes and non-Golgi membranes for two different wavelengths.
When detected at 530nm, the NBD-ceramide probe has a lifetime of about
750.2ns and largely independent of spatial location as determined from the
phase or modulation of the emission. However, differences in fluorescence life-
times are more evident for the data collected at 600nm. In both the Golgi and
non-Golgi membranes the phase lifetime is significantly larger than the modu-
lation lifetime (D0.6ns Golgi, D1ns non-Golgi).
We analysed the data according to Generalized Polarization (GP) model along
with the phasor plot linear extrapolation method [3]. Analysing FLIM data
from 10 individual cells leads to obtain two time-constants, T1 and T2 that char-
acterise the emission and the correlation time, Ts, of relaxation process. T1 is
significantly smaller in the Golgi membranes than in the non-Golgi regions
but T2 are similar in all detected membranes. As a consequence Ts is muchsmaller (0.8 ns) than in non-Golgi regions (3.5ns). This suggests that dipolar
relaxation in the membrane interface of Golgi is less restricted than non-
Golgi membranes.
[1] M. Maroncelli and G. R. Fleming, J. Chem. Phys., 86,11, p.6221, 1987.
[2] P. Jurkiewicz, et. al., J. Fluorescence, 15, 6, pp.883-894, 2005.
[3] A. H. A. Clayton, et. al., J. Microscopy, 213, 1, pp.1-5, 2004.
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Collagen is a triple-helix protein that self-assembles into supramolecular
fibrils, essential for the biomechanical integrity and physical properties of
biological tissues and organs. Second Harmonic Generation(SHG) micro-
scopy exploits a second order nonlinear coherent optical process to image
macromolecules with non-centrosymmetric structure, as collagen fibers(1).
Such a label-free approach provides three-dimensional(3D) imaging of the
structural organization of the collagen fibers in tissues at a sub-cellular res-
olution with intrinsic optical sectioning, high deep penetration and reduction
of out-of-focus photobleaching and phototoxicity(2). Here, we collected the
endogenous SHG signal of the collagen to evaluate the hierarchical structure,
organization and orientation of collagen fibers in different types of specimen,
from ex-vivo biological tissues to bioengineered samples(3). To conduct this
study, we coupled a femtosecond Ti:Sapphire Chameleon Ultra II laser(Co-
herent, Santa Clara, CA, USA) with a Leica TCS STED-CW confocal
microscope(Leica-Microsystems, Mannheim, Germany). This allowed col-
lecting the forward, the backward SHG signal and the TPE autofluorescence
of the samples(2). Moreover, we also focused our attention on the SHG
signal as function of polarization states of the incoming light to distinguish
among different collagen fiber types and orientations(4). Analysis of the po-
larization of the outcoming light and the ratio FSHG/BSHG was carried out
due to its potential in providing more detailed information about the sample,
for instance a relationship with the diameter and the functional and structural
organization of the collagen fibers variability in various tissues. For example,
this allows realizing a set of features useful to evaluate the assembly of arti-
ficial tissues depending on the scaffold role in the collagen fibers assembly
when mimicking a target tissue.
1. Chen X. et al. Nat Protoc. 7(4),654(2012).
2. Bianchini P. et al., J. Biophotonics, 1,6(2008).
3. Scaglione S. et al. Nature Sci. Rep. 2,(274): 1-6(2012).
4. Odin C. et al, Opt.Express, 16,20(2008).
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Cholera afflicts more than 5 million people annually. Here, we investigate the
virulence pathway of this epidemic disease with live-cell single-molecule
fluorescence imaging in Vibrio cholerae cells, the bacterium responsible for
producing the cholera toxin. In the Gram-negative pathogen V. cholerae, viru-
lence gene expression is under control of an unusual set of membrane pro-
teins. Here, a membrane complex including two activators, ToxR and TcpP,
binds the toxT promoter, recruits RNA polymerase, and activates toxT gene
expression leading to activation of ToxT-controlled virulence genes. To
circumvent the diffraction limit of light, which bounds the resolution of opti-
cal microscopy to ~250 nm, we use single-molecule tracking and super-
resolution techniques like Photoactivated Localization Microscopy (PALM)
to achieve resolutions more than an order of magnitude better than the diffrac-
tion limit. We have created fusions of the membrane-bound transcription ac-
tivators TcpP and ToxR with orthogonal photo-(re)activatable fluorescent
proteins, and in this study, we examine the dynamics and co-localization
patterns of single PAmCherry-TcpP and mCitrine-ToxR molecules in the
virulence pathway. We also image V. cholerae cells that have knockouts
of ToxR and/or TcpP to determine if the protein dynamics change in the
absence of the binding partner. This work aims to identify characteristics
of TcpP and ToxR motion to understand their regulatory behavior in the
transcriptional activation of the gene toxT and subsequent activation of
downstream virulence genes, and to establish a model for the formation of
